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, 2 . ,
$(\mathrm{H}\mathrm{a}\mathrm{n}- \mathrm{B}\mathrm{a}\mathrm{o}[1])$ .
, $\mathrm{D}\mathrm{t}\mathrm{o}\mathrm{N}$ (Dirichlet Neumann )
. (non-local) , .
, 3 (Tabata $[2],[3]$ ) . ,
2 , .
.
, $\Omega$ , [4] , $h$
.
2









$|u|=O(1)$ , $|p|=O(|x|^{-1})$ , $|\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}p|=o(|x|^{-2})$ $(|x|arrow+\infty)$ (4)
. $\Omega$ (1)$-(4)$ .
$R>0$
$\Omega_{a}\equiv\{x\in \mathrm{R}^{2};|x|<R\}\cap\Omega$
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$\mathrm{s}\mathrm{u}\mathrm{P}\mathrm{p}[f]$ . \Omega $(u, p)$ $\Omega_{a}$ $\Omega_{a}$
(1)$-(3)$
$\sum_{j=1}^{2}\sigma_{ij}(u, p)n_{j}=T_{i}(u)$ $(x\in\Gamma_{R}, i=1,2)$ (5)
[1]. ,
$\Gamma_{R}=\{x;|x|=R\}$ ,
$\sigma_{ij}(u,p)=-p\delta_{i}j+2l\text{ }D_{i}j(u)$, $D_{ij}(u)= \frac{1}{2}(\frac{\partial u_{i}}{\partial x_{j}}+\frac{\partial u_{j}}{\partial x_{i}})$ , (6)
$T_{i}(u)( \theta)=\frac{2\nu}{\pi R}\sum_{n=1}^{+\infty}\frac{\partial}{\partial\theta}\int_{0}^{2\pi}\frac{\cos(\phi-\theta)}{n}\frac{\partial}{\partial\phi}ui(R\cos\phi, R\sin\phi)d\emptyset$ $(i=1,2)$ (7)
. , $\Omega_{a}$ , (5)
.
(5) . \Omega $(u, p)$
$\Omega_{R}=\{x;|x|>R\}$
$-\nu\triangle u+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}p=0$ , (8)
(2) , (4) . $g$ : $\Gamma_{R}arrow \mathrm{R}^{2}$ ,
$u=g$ $(x\in\Gamma_{R})$ (9)
, $-$ ,
$u(r, \theta)=\sum^{\infty}u(n\theta)r^{-}n=+0n$ , $p(r, \theta)=\sum^{+\infty}pn=2n(\theta)r^{-}n$ ,
. , $u_{n}(\theta),$ $p_{n}(\theta)$ g Fourier .
, \Gamma R (5) $g=u_{|\mathrm{r}_{R}}$ Fourier
, (7) $T_{i}(u)$ . Dirichlet $7^{\overline{-}}\backslash ^{\backslash }$ Neumann
.
$\Omega_{a}$ ,
$V=\{v\in(H^{1}(\Omega)a)^{2};v=0(x\in\partial\Omega_{a}\backslash \Gamma_{R})\}$ , $Q=L^{2}(\Omega_{a})$
. , $(u, p)\in V\cross Q$
$a(u, v)+b(v,p)+a_{0}(u, v)=\langle f, v\rangle$ $(\forall v\in V)$ , (10)
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$b(u, q)–0$ $(\forall q\in Q)$ (11)
. ,
$a(u, v)=2 \nu\int_{\Omega_{a}}\sum_{i,j=1}^{2}D_{i}j(u)Dij(v)dx$ , $b(v, q)=- \int_{\Omega_{a}}q\mathrm{d}\mathrm{i}_{\mathrm{V}}vdx$ ,
$a_{0}(u, v)= \frac{2\nu}{\pi}\sum_{n=1}^{+\infty}\int_{0}2\pi\int_{0}2\pi\frac{\cos n(\phi-\theta)}{n}\frac{\partial}{\partial\phi}u(R\cos\phi, R\sin\phi)\cdot\frac{\partial}{\partial\theta}v(R\cos\theta, R\sin\theta)d\phi d\theta$ ,
$\langle f, v\rangle=\int_{\Omega_{a}}$ fvdx
.
1. (i) a0 $V$ $\cross$ V – .
(ii) $a_{0}$
$a_{0}(v, v)\geq 0$ $(\forall v\in V)$
.
1[1]. $f\in V’$ , (10), (11) $-$ .
$V_{h}$ , Qh $V,$ $Q$ . $N$ , $-$ $a_{0}$
$a_{0}^{N}(u, v)= \frac{2\nu}{\pi}\sum_{n=1}^{N}\int_{0}2\pi\int_{0}2\pi\frac{\cos n(\phi-\theta)}{n}\frac{\partial}{\partial\phi}u(R\cos\phi, R\sin\phi)\cdot\frac{\partial}{\partial\theta}v(R\cos\theta, R\sin\theta)d\phi d\theta$
. $(u_{h}, p_{h})\in V_{h}\mathrm{x}Q_{h}$
$a(u_{h,h}v)+b(v_{h,p_{h})}+a_{0}^{N}(u_{h}, v_{h})=\langle f, v_{h}\rangle$ $(\forall v_{h}\in V_{h})$ , (12)
$b(u_{h}, q_{h})=0$ $(\forall q_{h}\in Q_{h})$ (13)
.
2[1]. $V_{h},$ $Q_{h}$ , ,
\beta , $h$ ,
$\inf_{qh\in Q_{h}}\mathrm{s}\mathrm{u}\mathrm{p}v_{h}\in Vh\frac{b(v_{h},q_{h})}{||v_{h}||_{V}||qh||Q}\geq\beta$ (14)
. , $k(\geq 1)$ , K ,
, $k,$ $k-1$ ,
$(P_{k})^{2}\subset Vh(I\{’)$ , k-I $\subset Q_{h}(K)$ .
,
(i) $f\in$ V’ , $(u_{h}^{N}, p_{h}^{N})$ $-$ .
(ii) $(u, p)$ $(H^{k+1}(\Omega_{a}))2\mathrm{x}H^{k}(\Omega_{a})$ ,
$||(u_{h}, \mathrm{P}_{h})NN-(u, p)||_{v_{\mathrm{X}Q}}\leq c\{h^{k}(|u|_{(}Hk+1(\Omega_{G}))2+|p|_{H(\Omega_{a}}k))+\frac{1}{(N+1)^{k}}|u|_{(}H^{k+}1/2(\Gamma R))2\}$
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. , $c$ $h,$ $N,$ $u,$ $p$ .
, $N\sim 1/h$ ,
$||(u_{h}^{N}, p^{N}h)-(u, p)||_{V\mathrm{x}Q}\leq chk(||u||_{((}H^{k+}1\Omega a))2+|p|_{H(\Omega)}k)a$
.
3
$\tilde{\Omega}$ 3 , Stokes (1), (2) .
. $\Omega$ , $x=(X_{1}, x_{2})$ . $x_{1}$ , $x_{2}$
. , $u=(u_{1}, u_{2})(X)$ , $p=p(x)$ , 2
\Omega
$\nu Lu+\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}p=f$ $(x\in\Omega)$ , (15)
$\mathrm{d}\mathrm{i}\mathrm{v}_{1}u=0$ $(x\in\Omega)$ (16)
.
$\mathrm{d}\mathrm{i}\mathrm{v}_{1}u=\frac{1}{x_{1}}\mathrm{d}\mathrm{i}\mathrm{v}(X_{1}u)$ , $\triangle_{1}=\mathrm{d}\mathrm{i}\mathrm{v}_{1}\cdot \mathrm{g}\mathrm{r}\mathrm{a}\mathrm{d}$ , $L=[- \triangle_{1}+\frac{1}{x_{1}^{2}}0$ $-\triangle_{1}0]$
. $\Omega$ \Omega 3
$\partial\Omega=\mathrm{r}_{0}+^{\mathrm{r}}1+\mathrm{r}_{2}$ $(\Gamma_{0}\equiv\partial\Omega \mathrm{n}\{X_{1}=0\})$
,
$u=g^{1}(x\in\Gamma_{1})$ , $[\sigma(u, p)]n=g^{2}$ $(x\in\Gamma_{2})$ (17)
. , $\sigma(u, p)$ (6) .
.
$x_{1/^{2}2}^{t}’(\Omega)=\{v\in p’(\Omega);x^{\frac{1}{12}-t+|\beta}D\beta v|\in L^{2}(\Omega), 0\leq|\beta|\leq\ell\})$
$W_{1/2}^{l,2}(\Omega)=\{v\in D’(\Omega);x^{\frac{1}{12}}D^{\beta}v\in L^{2}(\Omega), 0\leq|\beta|\leq\ell\}$
,
$V(g^{1})=\{v\in X^{1,2}(1/2\Omega)\cross W_{1/2}^{1,2}(\Omega);v=g^{1}(x\in\Gamma_{1})\}$ ,
$V=V(0)$ , $Q=L_{1/}^{2}2(\Omega)\equiv W_{1/2}0,2(\Omega)$
.
(15) $-(17)\text{ ^{ }},$ $(u, p)\in V(g^{1})\mathrm{x}Q$
$a(u, v)+b(v, p)=<f,$ $v>$ $(\forall v\in V)$ , (18)
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$b(u, q)=0$ $(\forall q\in Q)$ (19)
. ,
$a(u, v)=2U \int_{\Omega}\{\sum^{2}D_{i}j(u)D_{ij}(v)+\frac{u_{1}v_{1}}{x_{1}^{2}}\}X_{1}dXi,j=1$ ’
$b(v, q)=- \int\Omega q\mathrm{d}\mathrm{i}\mathrm{V}_{1}vx_{1}dx$ ,
$<f,$ $v>= \int_{\Omega}f\cdot vx_{1}dX+\int_{\Gamma_{2}}g^{2}$ . $vx_{1}ds$
.
$\phi_{i},$ $\psi_{j}$ $P_{i},$ $P_{j}(\in\overline{\Omega})$ , . , Descartes
(14) ( , $\mathrm{P}2/\mathrm{P}1$ , $\mathrm{P}1+/\mathrm{P}1$
[5] $)$ . ,
$\mathcal{P}_{k}\subset\{\phi_{i}\}$ , $\mathcal{P}_{k-1}\subset\{\psi_{j}\}$
. , a k ( $\mathrm{P}2/\mathrm{P}1$ $k=2,$ $\mathrm{P}1+/\mathrm{P}1$
$k=1$ ).
2. ,
$\emptyset i\in X_{1/2}^{1,2}(\Omega)$ $(P_{i}\not\in\Gamma_{0})$ , $\phi_{i}\in W_{1/}^{1,2}(2\Omega)$ $(\forall i)$ , $\psi_{j}\in L_{1/2}^{2}(\Omega)$ $(\forall j)$ .
$W_{h}$
$(\phi_{i}, 0)^{T}$ $(P_{i}\not\in\Gamma_{0})$ , $(0, \phi_{i})^{T}$ $(\forall i)$ ,
, $Q_{h}$ $\psi_{j}(\forall j)$ . $V_{h}(g^{1})$
$V_{h}(g^{1})=\{v_{h}\in W_{h;}v_{h}(P_{i})=g^{1}(P_{i}) (P_{i}\in\Gamma_{1})\}$ , $V_{h}=V_{h}(0)$
.
(18),(19) , $(u_{h}, p_{h})\in V_{h}(g^{1})\cross Q_{h}$
$a(u_{h}, v_{h})+b(v_{h}, p_{h})=<f,$ $vh>$ $(\forall v_{h}\in V_{h})$ , (20)











3[3]. (i) (20), (21) $(u_{h}, p_{h})$ – .
(ii) (18),(19) $(u, p)$ $(W_{1/2}^{k+}(1,2\Omega))^{2}\cross W_{1/2}^{k,2}(\Omega),$ $k\geq 1$ , ,
$||u-u_{h}||_{V}+||p-ph||_{Q}\leq Ch^{k}\{|u|_{(}W(\Omega))^{2}|1/2k+1,2+p|W_{1}(\Omega)\}k,2/2$
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. Stokes ,
, . – ,
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